Ethnobotanical knowledge has been the backbone of rural healthcare since ancient times. Many diseases including helminthiasis are cured by traditional medicine in many parts of the world. The present study aims at exploring the ethnobotanicals used as anthelmintic medicines by the tribal communities of Chirang district of Assam. The present study was conducted in different villages under Chirang district of Assam, India. A face-to-face interview was carried out during survey work along with readymade questionnaire. In our survey work, 20 neighbouring villages were taken as a single cluster and one sample informant was collected. Information regarding the plant and plant parts used, methodology of use as well as informant demography such as age, sex, education was also collected. A total of 20 villages were surveyed and information was gathered from 27 informants, 23 kaviraja and 4 elderly people, 15 male and 12 female. The information collected revealed 43 medicinal plants belonging to 27 families. Lamiaceae was found to be most common family followed by Cucurbitaceae, Fabaceae, Zutaceae and Zingiberaceae. The most highly cited plants were Ananas comosus, Andrographis paniculata, Asparagus racemosus, Alstonia scholaris and Leucas aspera. Leaves, fruits and tubers were found to be the most commonly used plant parts. Except few, most of the herbal medicines were prepared as raw materials and are consumed orally. Documentation of important ethnomedicinal information from the remote areas of Assam will help scientific investigators to look into its scientific aspect leading to the development of new medicines against helminthiasis and many other diseases.
Nature is gifted with rich source of natural vegetations and medicinal plants. Worldwide, approximately 350,000 higher plants are estimated to be present 1 . The use of plants as a source of medicine has its origin in ethnoveterinary medicines inspired by traditional knowledge system and is an important component of healthcare systems in India and world at large [2] [3] [4] . In many parts of the world, several medicinal plants are traditionally being used against many diseases such as malaria, cholera, dysentery, diabetes, jaundice, wound healing, helminthiasis etc 5, 6 . India is a country bestowed with diversity of flora and fauna. Due to its diverse geographical location and climatic conditions there is rich natural vegetation, making India a storehouse of medicinal plants. This has led to a considerate interest towards locally grown medicinal plants and stimulated a serious study on traditionally used medicinal plants. Agriculture and livestock industry plays a significant role in Indian economy. Helminthiasis is one of the most important animal diseases worldwide, causing heavy economic losses to the farmers 6, 7 . Ethnobotanical studies are significant in revealing locally important plants especially for the discovery of crude drugs 8 . Study of medicinal plants used by traditional herbal practitioners can form a rich source of new medicines and can contribute immensely in the healthcare system of a nation. Documentation of locally and indigenously used plants not only preserves the indigenous knowledge but also facilitates future research on safety and efficacy of medicinal plants in the treatment of various ailments 9 . Like many other diseases, the use of medicinal plants for the prevention and treatment of gastro-intestinal parasitism has its origin in ethnoveterinary practices. Many investigators have reported the effectiveness of medicinal plants against helminth parasites [10] [11] [12] . Although a large number of commercial anthelmintic drugs are available, development of resistance capacity among the parasites, the side effects of commercial drugs as well as poor distribution in the rural areas has challenged the effective controlling of helminthiasis 13, 14 . As an alternative to the current situation, plant based medicines provides the safety option for controlling diseases because of its eco-friendliness, less side effect and affordable cost 2, 15, 16 . Over the last few decades there is a growing trend of plant-based drug designing research throughout the world.
North-east (NE) India comprising of 8 member states viz., Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram, Nagaland, Sikkim and Tripura is well known for its diverse ethnic community and rich flora and fauna. The favorable climatic region in this part of India makes it suitable for various flora and fauna, making it one of the major biodiversity hotspots area. With the geographical location of 89°50/ E to 96°10/ E and 24°30/ N to 28°10/ N, Assam is one among the richest biodiversity zones in NE India. Chirang district of Assam is located in the foothills of Bhutan and is blessed with rich flora. Although this part of India is rich in natural vegetation and healthy ethnomedicinal system, lack of proper management and preservation has led to the deterioration of ethnomedicinal knowledge. Today, these traditional knowledge systems is either lost completely or transmitted orally from one generation to the next among traditional health practitioners, are in danger due to poor relations between older and younger generations. The ethnomedicinal plants are under threat due to deforestation, overgrazing and their reckless utilization, indicating the urgent need of their conservation. Conservation of biological resources as well as their sustainable use is important in preservation of traditional knowledge 17 . Taking this view in mind, the present study was carried out to identify and document the ethnomedicinal plants used by the tribal communities of Chirang district of Assam.
Materials and Methods study area description
The present survey work was carried out in Chirang district of Assam which covers an area of 1,923 km², geographical location of 90º21 East to 90º56 East Longitude and 26º33 North to 26º54 North Latitude and has a population of 4.81 Lakh. Kalajgaon is the headquarters of the district. The district shares the international boundary with the Bhutan on the North, Kokrajhar district in the West, Bongaigaon and Barpeta district on the South and Baksa district on the East. For administrative purpose Chirang district is divided into 5 small Community Developmental Blocks (CDBs) namely, (1) Borobazar (villages 214), (2) Manikpur (part) (51 villages) (3) Sidli (235 villages), (4) Chakchaka (part) (6 villages) and (5) Gobardhana (part) (2 villages). The entire area of the district is situated at the plains of the northern side of the River Brahmaputra. The climate of the district is sub-tropical in nature with warm and humid summer followed by dry and cool winter. The average annual rainfall is about 1900 mm out of which 75% is received during monsoon months (June to September). According to the recent census report, out of 4.81 lakh populations about 93% live in rural areas and the literacy rate of the district is 62.08% only 18 .
Data collection and identification of plants
The survey and collection of traditionally used anthelmintic medicinal plants were done in the months of April to December 2018. The information regarding the medicinal plants were collected in CDB-wise manner with the help of village Kaviraja (traditional healer, TH) and elderly village people having knowledge in traditional medicine system. The information was collected in a face-to-face interview manner with the help of ready-made questionnaires. Within every CDB, approximately 20 adjacent villages were taken as a single cluster and one sample was collected from a cluster. Based on the number of villages per CDB, sample size also varied from one CDB to another. Chakchaka and Gobardhana CDBs were not included in the survey work because of less number of villages. The information collected from informants mainly included -informer's biodata, plant(s) part(s) used, traditional formulation processes and mode of administration. The plants were collected as per the information given by the informants. A total of 27 informants were interviewed from 20 different villages under Chirang district ( Figure 1 ). Due to the presence of large number of THs 3 persons were interviewed from two villages namely Koptuli and Bwigribari. Sample plants were collected with the help of TH and processed for scientific identification. Herbarium sheet were prepared and submitted to the Department of Botany, Bodoland University for identification of the plants.
data analysis
All the statistical calculations, graphs etc. were carried out in ms. excel and origin software. The documented data was analyzed by comparing a number of parameters such as number of plant species, families, plant parts used, mode of utilization, habit and habitat of the plant species.
results

Demography of informants and collection sites
Traditionally prepared herbal medicine is an important part of healthcare system among many tribal communities of India. In our present study, survey was carried out in 20 different villages from 3 CDBs under Chirang district of Assam to collect the putative anthelmintic plants used by tribal communities. Other CDBs were not included because of less number of villages. Out of 20 villages, eight villages were surveyed each from Borobazar and Sidli CDBs while four villages from Manikpur CDB ( Table 1) . A total of 27 informants were interviewed from the entire district out of which 56% were male and 44% were female informants. Most of the informants (85%) were professional TH and earn some Age seems to play a significant role in traditional medicine system. It was found that 74% of the informants were aged above 50 years old followed by 22% in 40-50 years age group while only 4% were below 40 years old. In term of literacy, most of the informants were found illiterate (70%) while 30% were found to have school level education ( Table 2) . No informants were found to have higher education above school level. We have also reported that none of the informants have any government salaried job. Inhabiting in the rural areas far away from towns and cities, all the informants were mostly cultivators and also spare good amount of time in preparing herbal medicines from neighboring villages. However, except visiting nearby small local markets most of the informants neither have any permanent selling store in any towns or cities nor they practice any kind of business dealings with any pharmaceutical companies. It has also been observed that most of the time TH do not feel secure to give their ethnomedicinal data thinking that secrecy behind the medicinal property will be lost or others will earn money from their knowledge.
Collection and documentation of anthelmintic plants
Our survey reported a total of 122 plant citations from 27 informants collecting from 20 different sample villages. In an average an informant cited about 5 numbers of medicinal plants. However, in terms of number of citations per male and female informants, it is found that male possesses more ethnomedicinal knowledge (6 citations/informant) while the female has only 3 citations/informants. Due to its popularity and medicinal efficacy, some of the plants have repeated citations by several informants. A total of 20 plant species were found to be repeated more than twice by many informants (Figure 2 ). Ananas comosus was found to be the most popular plant cited by 17 numbers of informants. Similarly, Andrographis paniculata, Alstonia scholaris, Asparagus racemosus, Leucas aspera, Hypericum japonicum and Clerodendrum infortunatum, all were found to be highly cited plants. Out of the total (Figure 3 ). Four plant species were belonged to each of the four families such as Cucurbitaceae, Fabaceae, Rutaceae, and Zingiberaceae. Altogether, the number of plants belonging to 10 families constitutes 60% of all the reported plant species. However, only one plant species was reported from other 17 plant families. Different plant parts are generally used in the preparation of herbal medicines. Figure  Fig. 3 . Name of plant families with number of members in each family 4 showed the nature of plant parts used and methodology of traditional formulation practiced by THs of Chirang district. Almost all the common parts of a tree such as leaves, flowers, barks, fruits, seeds, etc. are found to be used in the traditional herbal preparations. Leaves are found to be the most commonly used plant parts (39%) followed by fruits (18%), tubers (12%), roots (9%), barks (7%), seeds (5%) and flower (2%) (Figure 4a ). Whole plant parts were found to be used in 2 plants namely Oldenlandia corymbosa and Hypericum japonicum. Similarly, in Solanum torvum, Nyctanthes arbor-tristis and Psidium guajava more than one part is used to formulate herbal medicines. The preparation of herbal medicine is formulated by 3 different traditional formulations namely, decoction, infusion and raw. In our study we have found that most of the traditional healers prepare the herbal product in the form of raw material (74%). Herbal products are formulated in the form of grinded pallet mixed with other plants or sometime direct consumption by quizzing the juice of the plant part [ Figure 4b ].
However, it has also been seen that traditional healers do not follow any precise and standard method of herbal formulation and doses are altered based on the nature of infection and ages of the person. In most cases the concentrations of doses were prepared in terms of the number of leaves, seeds, fruits or flower. While for barks or stems etc. length seems to be the main measurement system for preparing the different doses of herbal medicine.
discussion
The miraculous properties of medicinal plants are known to the whole world. It has been the life savior of many since time immemorial. Percolated from one generation to the next through oral tradition, with no written document, traditional medicine system attracts first priority for curing Fig. 4 . Graph showing variety of plant parts used (a) and traditional formulation practices (b). WP -whole plant, MOP -more than one part many common diseases, especially to the people living in the lowest rung of the society. Moreover, there is a natural tendency and faith attached to it that make people rely on traditional medicine. India is a country of folk and tradition where one of the oldest traditional medicine systems 'Ayurveda' was originated 19 . Attempts have been made over the last few decades by many scientific researchers to retrieve the once forgotten traditional knowledge. Today, plant-based drug discovery is a hot soup for sprouting investigators. Despite of its great medical importance, many reports seems to suggest that most of the times ethnomedicinal knowledge is owned by poor, uneducated rural people. Only a handful of them possess formal education [20] [21] [22] . Similarly, we also revealed that about 30% informants were having formal education. However, the knowledge of ethnomedicine is so popular that the secret of its formulation is also known to people other than professional healers. In our survey we found that 15% of the informants were not traditional healers but possesses the knowledge. It is also observed that male folks used to be the major traditional knowledge bearers. Age and experience seems another factor in traditional medicine system whereby people bestow their belief. Similar to our findings, most of the survey reports revealed that village kavirajas are mostly aged (above 50 years old) and they have a family history of practicing such ethnomedicine since long time 23, 24 . In terms of plant parts used, leaves are found to be the most commonly used plant parts used by traditional healers 25, 27 . It may be because traditional herbalist uses ordinary equipments such as stone or small iron rode to grind or make paste of the plant parts. Since leaves seem to be easier to collect and grind, most of the herbalist prefer to use leaves. Similarly, most of the traditional herbal formulations are orally consumed as raw materials. Very few formulations are found where a slightly laborious practice such as decoction or infusion methods is practiced 28 .
Today, science and scientific discoveries have overtaken many aspects of our lives. Any practice without scientific reasoning seems to be neglected by the people. In an attempt to verify whether the traditional knowledge owned by kavirajas have any scientific logic [29] [30] [31] [32] . Similarly other plants such as Leucas aspera, Oroxylum indicum, Clerodendrum infortunatum, etc. were also highly cited and possess good number of scientific evidences [33] [34] [35] . Meanwhile, some popular traditional medicines such as Alstonia scholaris, Hypericum japonicum, Lindernia crustacean, Calotropis gigantean, etc. do not have any scientific experimental data against helminth infection. The absence of any scientific data may be because of the reason that most of these plants are endemic to India and few tropical countries (www.indiabiodiversity.org). As a follow up of the work, we are looking forward to study the anthelmintic property of those plants that do not have any scientific data.
conclusion
The present study shows the richness of ethnobotanical knowledge and diversity of plants used as remedies to helminth infection. Such plants are very useful to people who cannot afford modern medicines and healthcare facilities. In the arena of modern synthetic medicine the knowledge of herbal medicine is still a part of life and culture to many endogenous people of the world. However, there is a sense of rising threat to the traditional medicine system due to mass deforestation, habitat destruction and unwillingness to practice herbal medicine. This calls for an urgent preservation of the integrity of the forest and indigenous knowledge of herbal medicine use. Therefore, documentation of plants and traditional methodology of herbal preparation will definitely contribute in the development of newer and better drug of tomorrow.
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